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ABSTRACT 

Wo present the second Swift Burst Alert Telesoope (BAT) catalog of gamma- 
ray bursts (GRBfl), which contains 476 bursts detected by the BA T between 2004 
Dc-cember 19 and 2000 December 21. This catalog (hereafter the BAT2 catalog) 
presents burst trigger time, location. 90% error radius, duration fluencc, peak 
flux, time-averaged spectral parameters anti tirniv resolved spectral parameters 
measortd by the BAT. In the correlation study of various observed paramo 
tern extracted from the BAT prompt emission data, we distinguish among long’ 
duration GRBs (L-GRBs), short-duration GRBs (S-GEBs), and short, duration 
GRBs with extended emission (S-GRBs with R-E.) to investigate differences in 
i he prompt emission properties. The Erection of L-GRBa t S-GRBs and S-GRBe 
with E.E. in the catalog are 89%-. 8% and 2% respect h-cly. We compare the BAT 
prompt emission properties with the BATSE, BeppoSAX and HETE-2 GRB sam- 
pies. We also correlate the observed prompt emission properties with the redshifts 
for the GRBs with known redshift. The BAT T^q and T w durations peak at 70 3 
and 30 s, respectively. We confirm that the spectra of the BAT S GRBs arc gen- 
erally harder than those of the L-GRBe The time^ averaged spectra of the BAT 
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S^GRBft with E.E. are similar to those of the L-GRBs. Whereas, the spectra 
of the initial short spikes of the S-GRBs with E,R are similar to those of the 
S-GRBs. We show that the BAT GRB samples are significantly softer than the 
BATSE bright GRBs, and that the time- averaged of the BAT GRBs peaks 
at 80 keV which b significantly lower energy than those of the BATSE sample 
which peak at 320 keV. The time-averaged spectral properties of the BAT GRB 
sample are similar to those of the fIETE-2 GRB samples- By rime-resolved spec 
tral analysis, we find that only 109c of the BAT observed photon indices are 
outside the allowed region of the synchrotron shock model. Wc see no obvious 
observed trend in the BAT r m and the observed spectra with redshifts, The T v , 
mid Ts j distributions measured at the 140-2211 keV band in the GRB rest frame 
from the BAT known rudehift GRBs peak at 19 a and 8 s, respectively. We also 
provide an update on the status of the on-orbit BAT calibrations 

Subject headings : gainma rays: bursts 


1 . Introduction 

The Swift mission (Gehrels ct al. 2001} has revolutionised our understanding of gamma- 
ray bursts (GRBs) and their usage to study the early universe with the sophisticated on board 
localization capability of the Swift Burst Alert Telescope (BAT; Bartbelmy ct al. {2005a}) 
The autonomous spacecraft slews to point the X-Ray Telescope (XRT; Burrows ct ah (2005)) 
and tfcp UV/Gptical Telescope (UVOT; Homing et ai (2005)) to the GRB location to ^tart 
an immediate follow-up observation. The precise GRB location provided by Swift permits 
coordinated multi- wavelength observations on the ground. Since the release of the first BAT 
GRB catalog (Sakamoto et al. 2008), there have been more notable discoveries. On April 23, 
2009, Swift BAT detected GRB 090423 at a redshift of 8.2 This implies that massive stars 
were produced about 630 Myr after the Big Bang (Thnvir et al 2009; Salvaterra et at. 
2009} in GRB 08G319B, extraordinary, bright, variable optical emission, which peaked at 
the visual magnitude of 5.3, has been observed while the prompt gamma-ray emission wa* 
still active, Phis observation suggests for the lust time that there can. exist a prompt optical 
emission component (.hat tracks the gamma- ray light curve but belongs '.o a different spectral 
component (Racusin ct al. 2008). Swift has been increasing the number of identifications of 
host galaxies For short duration bursts Based on the Swift sample, wc are observing a wide 
variety of hurst characteristics (e.g., Berger 2009). Furthermore, progress is being made 
in studying the properties of hoet galaxies of dark bursts* allowing us to understand the 
differences in the birth places of dark GRBs. an compared to the hosts of GRBs with bright 
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optical afterglows (c.g,. Ferity m aJ. 2009), 

The first BAT GRB catalog (the BATl catalog; SakamOLo et ai (2008)) consisted of 237 
bursts from 2004 December 19 to 2007 June lb. The BATl catalog contained burst trigger 
time, location, 90% error radius, duration, fluooce, peak flux and time-averaged spectral 
parameters. Here we present the second BAT GRB catalog {the BAT2 catalog), including 
-176 GRRs detected by BAT front 2004 December 19 to 2009 December 21 The GRB sample* 
in the BATl catalog have bier, re-analyzed by the latest BAT software and calibration hies. 
In addition to the parameters in the BATl catalog, the BATS catalog includes time- resolved 
spectral parameters. The catalog also presents correlations between the prompt emission 
properties of known-reds hi ft CRRe 

In §2, we summarize the updates to the in-orbit calibration of the BAT instrument In 
§3, we describe the analysis methods used in compiling the catalog In §4, we describe the 
content of the tables in the catalog and show the prompt emission properties of the BAT 
GRDs from the catalog. Our conclusions arc summarized m §5, All quoted errors in tills 
work are at the 90% confidence level 


2. Updates to Tu-orbit Calibrations 

The BAT is a highly sensitive, targe field of view (FOV) (2,2 sr for > 10% coded FOV) r 
coded-aperture telescope that detects and localizes GRBg in real time. The BAT detector 
plane is composed of 32,768 pieces of CdZuTte (CZT: 4x4 x 2 mm), and the coded-aperture 
mask is composed of ^ 52,000 lead tiles (5 x 5 x 1 mm) with a I in separation between mask 
and dctecroT plane. 1 he energy range is 14-160 keV for imaging, which is a technique to 
subtract the background based On the modulation resulting from the coded mask, anil spectra 
can be obtained with no position information up to 359 keV. Further detailed descriptions 
and references of the BAT instrument can be found in the BATl GRB catalog. 

There have been two major updates to the energy call b ration of the BAT since the 
publication of the RATI catalog. The first update is the identification of a problem in the 
energy response above 100 keV, The mobility-lifetime products of electrons and holes (pr) 
which arc used to model ‘be energy response of an individual CZT detector (Sato et ai. 2005; 
Suzuki et ah 2005) are found to be 1.7 times larger than those origin ally determined in the 
ground calibration. This fix eliminates the ad-hoc correction formerly applied above 100 
keV to reproduce the assumed photon index and flux values baaed on the Crab spectrum 
(see below) and also reduces the level of systematic errors (see Figure 1). These changes 
in the energy response and the systematic error are available to the public (BAT CALDB 
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20081026), 

The second update is a correction to the measured gain of t be detectors. An analysis of 
four years of on board 911 Ain spectra shows a shift, of 2.5 keV in the position of the 59.5 keV 
line. The BAT team has developed new calibration files (coefficients to convert from PHA 
channel to energy) to correct This gain change as a function of time. After applying the new 
gain correction, the scatter of the 59.5 keV hoe energy is '^0.1 kcV over the four-year period. 
The calibration file to correct: this time-dependent gain change will be released to the public 
in summer of 2011. 

Figure 2 shows the Crab photon index and the flux in the 15-150 keV band as a function 
of incident angle using the latest BAT software and calibration hies. Both the photon index 
and the flux are wiihin ±5% and ±10%, respectively, of the assumed Crab valued based on 
Rothschild et ah ( 1998) and Jung (1989) over the BAT field of view. The deviation of the 
derived parameters from Hie Crab canonical values are larger toward the edge of the BAT 
field of view. Therefore, a larger systematic error in the spectral parameters could exist if 
the source is located at the edge of the field of BAT. We also notice that the photon index 
is systematically harder by MMS2 than the Crab canonical value of —2.15 for observations 
with & < 10°. 


3. Analysis for the GRB catalog 

We used standard BAT software (HEASOFT 6,8) and the Latest calibration database 
to process the BAT GRBs from December 2004 (CRB 041217) to December 2009 (GRB 
091221). The various datatypes of the BAT instrument are described in details in Bar the! my er al, 
(2005a). The GRBs included in the BAT l catalog have been reprocessed. The BAT2 catalog 
sample also include bursts which did not trigger BAT in flight, but were found in ground 
pronto rig. The burst pipeline script, batgrbproduct, was used to process the GAT event 
data. Since the burst emission is longer than the interval during which the instrument col- 
lected data, in event mode for GRB 060124 and GRB [160218, we used both event data and 
survey data (Detector Plane Histogram data) to calculate the fiucnce and the time-averaged 
spectral parameters, We used raw light curve data (quad-rate data) to measure the durations 
of most of the bursts found in ground processing because the event data does not cover the 
whole burst episode for these bursts. For most, bursts we use battblocks. one of the tanks 
nm §u batgrbproduct, to determine the burst duration using the Bayesian Block algorithm 


] The jT-ssumed Crflh values m tnc BA'S' energy ran^e are 2.15 for the photon index and 2.1 L K t0 -B erge 
cm 7 a" 1 for the ftsx in the 15-150 terV band. 
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( Scarglc 1998). a For soitip bursts battblocks failed to find a valid burst interval. In thcite 
cases, we fitted the light, curve with background subtracted using the modulation resulting 
from the coded mask (a called mask-weighted light curve} over the fiili BAT energy range. 

We applied a linear-rise, exponential decay model { “RUES 11 model in ftools qdp 3 ) to find 
the burst time intervals (Th©, and peak l-$ intervals) and created the and peak 

1-8 PHA files (80 channels) based on these time intervals. We include comments in Tbbie 1 
for rise bursts which haw anomalies either in the data or the processing. 

For the time-averaged spectra! analysis, wo used the time interval from the emission 
start time to the emission end time (T^ interval) which is determined by Bayesian-block 
technique (battblocks). For many bursts, the spacecraft slew for the XRT and UVOT 
pointing occurred while the prompt emission was on going. This creates a complication for 
the derivation of the spectral response since the BAT energy response generator, batdnrgen. 
car only produce a response at a single fixed incident angle of the source. To find a response 
diring a slew* we created detector energy response matrices (DRM) for each five-second 
period during the time Am interval, taking into account the changing position of the GRB 
in detector coordinates especially during the spacecraft slew. We then weighted these DRMs 
by the five-second count rates and created an averaged DRM using addrmi The count- 
weighted BAT DRM have been tested on a subset of GRBs which were siinultaneousiy 
detected by the Komis -Wind and the Suzutn Wideband All-sky Monitor instruments. The 
joint spectral analysis using the weighted BAT DRM for the jointly detected GRBs shows 
no systematic trend in the RAT-dmved parameters compared to the spectra! parameter 
derived by other GRB instruments (Sakamoto ct id. 2011). 

We extracted time-resolved spectra for the relevant intervals determined with battblocka. 
Since the hmt and the last intervals identified by battblocks are the pie- and post-burst 
backgrounds, the spectrum for these two intervals were not created. For the time-resolved 
spectral analysis, we created a DRM for each spectrum by taking into account the GRB posi- 
tion in detect nr coordinates and updating the keywords of the spectral flies using batupdatephakv 
before running batdrnigen to generate the DRM. We also created individual OEMs for the 
peak spectra used to calculate the peak flux (see below), 


■ t. at.gr '^produce calls battblocka using, in turn, mask- weighted light curves with bin widths 4 ms, 16ms, 
Is m d 16a to impure T K find 2 m durations. It then Applies & se: oT criteria starting with die shortest bin 
nize Vo decide whether or not to accept u duration estimate. If a measured duration is greater than 2 times, 
the bin size, and 3.0% greater than the previous brst estimate, tliea !.he current estimate becomes the nev 
best estimate. 

* http; / /heosajc . gsfe. nasa . gov /docs/softwa re / fiuoia/mhcrH /qdp/qdp .ho i ] 
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The spectra wure fitted with a Simple power -aw (PL] model, 


nm = *£• 



(i) 


where o Pl is UiO power-law photon index mid Ls the normalization at 50 keV in units 
of photons cm ' s _> kcV _t VVc also used a cutoff power law (CPL) model. 


}{E) = tf* L 



( —E (2 + q cf1 ')'\ 

V ^Uk ) 


(2) 


where a CPL is the power- law photon index, E pi ,^ as the peak energy in the vF v spectrum 
and Kff L is the normalization at 50 keY in units of photons cm -2 s' 1 heV*" 1 . All of the 
BAT spectra are acceptably fit by either a PL or a CPL model. The same criterion as Ln 
the BATl catalog. &\ 2 between a PL and u CPL fit greater than 6 (Ay 2 = Xi>t XcPL > 
6) r was used to determine if the CPL model us a better spectral model for the data. Note 
that none of the BAT spectra show a significant improvement in \ 2 with a Band function 
(Band et al. 1993) fit compared to that of a CPL model fit. 


The fluence, the 1-s and the 20-ms peak fluxes were derived from the spectral fits. The 
linen ces were calculated by fitting the time averaged spectrum with the best fit spectral 
model The 1-3 and 20-ms peak duxes were calculated by fitting the spectrum of the 1-s 
and the SO ms interval bracketing the highest peak Ln the Sight curve. Those intervals were 
identified by bat tb locks. Similarly, we used the best fit spectral model to calculate the 
peak fluxes. Since the shortest burst duration observed by BAT is around 20 ms, we chone 
this window size to measure the peak flux on the shortest time scale. Note that since the 
total number of photons for a 20-ms spectrum is generally small, we created a spectrum in 
10 logarithmically spaced channels from 14 keY to ISO keY to use for the fit. We arc not 
always able to report a 20-mS peak flux. For 29 GRBs, an unexplained systematic effect 
leads to an unacceptable reduced (xj > 2) in both the PL and CPL fit. Furthermore, for 
31 GRBs we could not create the 20- ms peak spectrum because bat tb locks failed to Find 
the interval. 


For GRBs with known mis (lift, we calculated the Too and 7\ 0 durations in the 140-220 
keY itmd in the GRB rest frame. By fixing the energy range in the GRB rest frame, there is 
no need to apply a correction to the measured duration becaure of the difference in the GRB 
wsdth as a. function of the observed energy' band (eg., Fcnimore et al. 1995) We created 
the light curves In the energy range 140/(1+2) keV to 220/ ( L+z) keY with batbinevt. This 
energy band was chosen so that the redahift of the nearest GRB z— 0.1257 (GRB 060614), 
coiiHtrama the upper boundary: 2211 keV / (1+0.1257) = 195 keV, and the m<jel distant 
GRB 2=8.26 (GRB 090423), constraint the lower boundary: 140 keV / (1+8.26) = 15 keV> 
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where 15 to 195 keV b the BAT observed energy range. We used the same algorithm in 
tatgrbproduct to find the best 7 m and durations in the observed 140/(l+z) - 220/(1+2) 
teV band, We then divided the duration by (1+z) to correct for the time dilation effect due 
to cosmic expansion. 


4 , The Catalog 

The BAT2 catalog includes GRBs detected by BAT in five years of operation between 
2004 December 19 and 2009 December 31 The 476 GRBs in the catalog include 25 GRBs 
found in ground processing (eight of the 25 were found by r.he BAT s[i a w survey; Copcte et ah 
(2007)) and lour possible GRBs. Tup definition of a possible GRB is an event for which the 
BAT image significance based on the ground analysis is less than 6 cr and there is no XRT 
X-ray counterpart. The first column of Table 1 is the GRB name. The next column is the 
BAT Trigger number. The next column specifies the BAT trigger time La UTC in the form 
of YYYY UM DD hh:mm:aa.s$$ where YYYY is year, MM month, DD day of month, hh 
hour, mm minute, and ss.ss# second. Note that the definition of the BAT trigger time is the 
start timer of the image from which the GRB is detected on-board. The next six columns 
give, respectively, the location derived in ground processing for BAT 4 and XRT in equatorial 
(J20G0) coordinates, the signal- to-noise ratio of the BAT image at that location, and the 
radius of the 90% confidence region in arcminutofi. The 90% error radius is calculated based 
on the signal -to- noise ratio of the image using the following equation derived from the BAT 
hard X-ray survey process 5 

= 10.92 x SNR -0 ' (aremin), 

where SXR is the signal- ton oise ratio of the GRB point source in BAT image, However, due 
to limitations in our knowledge of the BAT point spread function, we quote the minimum 
allowed value of r,^. as V in the catalog. The next two columns specify the bur.^t durations 
which contain from 5% to 95% (T m } and from 25% to 75% (7 bo} of the total burst finance. 


’batgrfeproduct creates a BAT sky imago ip thy 15-350 keV band ^iry; evpr.i data. from before the 
autonomoiLh apaoecriaft. slew to * GRR location. The foreground and background Intervals used lo create tbc 
Lma.go firr' determined by baltblocks Obattblocku taiiec to f:nd the nEervalfl, bstgrbproduct nsra the 
same intervals identified by the BAT on-board software. Tha tool batcalldetect is used to find the GRB 
locution in the bacStpound s«bt racked image, 

* bttp; //heaaarc-gsfc . i:Jisn.gnv / docs /swift /analysis / baUdigeat ihttnl 
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These durations are calculated in the 15-350 keV band. 6 The next two columns are the start 
and stop times measured from the BAT trigger time of the available event; data. The last 
column contains the comments. 

The energy fluences calculated in various energy hands are Mimmarized in Table 2. The 
first column is the GRB name The next column specifies the spectral model which was 
used m deriving the fioeucea (PL: simple power-law model; Eq.(l), CPL: cutoff power-law 
model; Eq,(2)). The next five columns are the fluences in the 15-25 SccV, 25 50 keV. 50-100 
keV, 100-150 Ice V, and 15-150 keV bonds. The unit of fluence is IG' B ergs cm -2 . The next 
two columns specify the start and stop times relative to the BAT trigger time of the interval 
used to calculate the fluences. The last column contains the comments. .Vote that fiuences 
are not reported for GRBs with incomplete data 

Thble 3 and 4 summarize the 1-s pc;ik photon and energy fluxefl, respect! vely t in various 
energy bauds. The first column is the GRB name. The next column specifies the spectral 
mode! used in deriving the 1-s peak flux. 'Die next five columns are the peak photon and 
energy fluxes in the 15-25 keV. 25-50 keV, 50-100 keV. 100-150 keV s and 15-150 keV band. 
The unit of the flux Ls photons cm" a a ■ for the peak photon flux and 1Q’ & ergs cm" 2 S _1 
for the peak energy flux. The penultimate column in Tabic 3 specifies the start time relative 
to the BAT trigger time for the peak second- The last column contains the comments. 

Table 5 shows the 20-ms peak energy and photon flux in the 15 150 keV band. The 
first column is the GRB name. The next column shows the spectra!) model used in deriving 
the flux, [he next two columns arc the peak energy flux and photon flux in the 15-150 koV 
band. The unit of the flux is photons cm -2 s”* for the peak photon flux and I0 -8 ergs cm -2 
n~ l for the peak energy flux. The next column specifies the start time relative to the RAT 
trigger time for the 20- ms peak. The last column contains the comments, 

'The time- averaged spectral parameters arc listed in fable 6. Thu first column is the 
GRB name. The next three columns are the photon index, the normalization at 50 keV in 
units of IQ -4 photons cm 7 s _l keV \ and y 2 of the fit for a PL model The next four 
echini i is axe the photon index, in units of keV, the normalization at 50 keV in units 
of I0 _L| photons cm'' 3 s J keV 1 and y 3 of the fit in a CPL model. The spectra! parameters 
In a CPL are only shown for the bursts which meet the criteria described in Section 3. The 
number of degrees- of freedom is 57 for a PL fit and 56 for a CPL fit except for GRB 0601 24 
and GRB 060218 (see the comment column of the table). The last column contains the 
comments. 


15 The coded : s transparem to photor* ubovo 160 keV. Thus, photons abow> 150 keV Arc ireatwl fts 

background in the mask-weighted method. Trie effective upper boundary is than -^150 keV 



The time-resolved spectral par a meters Eire listed in Table 7. The total number of time- 
resolved .spectra is 3323. The Erst column is the GRB name. The next two columns specify 
the start and the stop time relative to the BAT trigger time of the interval used to extract 
the spectrum* The next; four columns are the photon index* the normalization at 50 keV in 
units of 10~* photons cm -3 s _l keY _ \ x 1 of the fit for a PL model and the energy flux in 
the 15-150 keV band in units of ltT ft ergs cm 2 s~K The next five columns are the photon 
index* in units of keV, the normaiizELtion at 50 keV in units of 10” a photons cm 3 s -3 
keV” 1 , x 2 of the fit in a GPL model, and the energy flux in unite of 10“' s ergs cm -2 a L - The 
last column contains the comment As in Table 6. we only show CPL parameters for the fits 
which meet our Aye criteria. 

Table 8 shows the % z , and Tko durations measured in the 140-220 keV band in the GRB 
rest frame for the GRBs with known reds! lift. The first column is the GRB name. The 
and T m durations in the GRR rest frame are in the second and the third columns. The last 
column contains the comments 

Table 9 lists redahift measurements of Swift GRBs and their associated references. 


4*1. Short GRBs with Extended Emission 

A distinct class of short duration GRBs (S-GRBs) has beet; claimed based on their 
prompt emission properties ( ended S-GRB with extended emission (E.E,) (eg*, Norris ct al. 
2000; Baxthdmy ct al 2005b). The initial short spike of a 5-GRH with E.E, shows negligible 
spool i ill lag which is one of the strong indications thai f.tu burst is a S-GRB (Norris ct al, 
2000). 10 GRBs in our catalog have been classified as S-GRRs with E.E. by Norris ct al. 
(2010) and these are labeled as such throughout this paper, ' The BAT light curves of 10 
S GRBs with E.E. included in this catalog are shown In Figure 3, The initial short spike 
is usually composed of multiple pulses with a total duration of less than 2 seconds. The 
E.E. lasts from a few tens to a few hundreds of seconds* We distinguish among long GRBs 
(L-GRBs)j S-GRBs and a S GRBs with an, E.E. throughout the paper to investigate the 
prompt emission properties of these three different classes of GRBs* Table 10 summarizes 
the statist it 9 of the sajnp.es in the catalog based on the ( las&ificatiojzs The fractions of 
l, GRBs, S-GRBs and S GRBs with E.E, in the catalog are 8991 8% and 2%* respectively. 
The spectral parameters and the energy huenecs of the initial short spike are reported in 


7 GRB GGD614 it cLfussified aa a I .-GRR because the duration of the inliia spike Is s long. GRR U5G91 1 
id also da&ifcd &s it L-GRB because our fit&ndairi pipeline process docs rot detect the significant attended 
emission sfl reported on Norn^ «L a! [2010), The Tm of GRB 060011 based on our analysis is (6.2 s. 
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Tables 11 and 12. Note that our definition of S-GRBs is whether Tgg is smaller than 2 s or 
not. The CRBs classified as S-GRBs- or 5bGRBs with E,E. in out study are also identified 
in Table 1. 


4.2. BAT GRB Position and Sky Locations 

Figure 4 shows the angular difference between the BAT grow: id position and the en- 
hanced XRT position (Evans et &J. 2009). The BAT ground position is within 1.1\ 1.8' and 
3.5' from the XHT position for 68%, 90% and 99% of the bursts, respectively. Figure 5 shows 
tte sky map of the 476 BAT GRBs in galactic coordinates. L^GRBs, S-GRRs find S-GRBs 
with E.E. are marked in different colors, 


4.3. Durations and Hardness 

The histograms of and T*o in the BAT full energy band are shown in Figure 6, 
The average of the BAT Too and T m durations are 71 and 31 s T respectively. In Figure 7, we 
compare the Tyo distributions of BAT, BATSE, BeppoSAX and HE TE-2, S he BATSE T>j are 
extracted from the 413 catalog (Paciesas et a' 1999), and they are measured in the 50-300 keV 
band. The BeppoSAX are extracted from Fro n ter a et ah (2009), and they are measured 
using the light curve of the ORBM instrument in the 40-700 keV band. The HBTE-2 T® are 
extracted from Pelangeon et al, (2008), and Lhey axe measured using the Sight curve of the 
FftEGATE instrument in the 6-80 keV band. There is a dear shift in the peak of the L-GRB 
populations measured with different figtruments. The peak of L-GRBs T « distribution from 
the BATSE, the BeppoSAX and the HETE-2 samp its are around 10-30 a, whereas the BAT 
distribution is around 70 i. It & dear from this comparison that the duration measurement 
depeEids upon the sensitivity of the instruments. Another distinct difference in the BATSE 
distribution compared to that of the BAT, the BeppoSAX and the HETE-2 distributions is 
ti dear bimodality between S-GKBs and L-GRBs (o.g., Kou vclio fcou et al. 1993). The lack 
of S-GRBs in imaging instruments such as the BAT and HETE-2 is a result of the larger 
number of photons needed to “image" a GRB with these instruments, This requirement is 
usually difficult to achieve for S-GRBs because they arc usually faint and their emissions 
are short. However, note that BAT has been triggering and localizing S-GRBs at a much 
higher rate than other GRB imaging instruments because of its large effective area and its 
sophisticated flight, software. As mentioned in Eton! era ct al, (2009), the lack of S-GRBs in 
the BeppoSAX samples is likely to be due to the lowiar efficiency of the trigger system to 
S-GRBs. 
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Figures shows the fluence ratio between the 50400 keV and the 25-50 keV band versus 
the Tic and 2 |q durations of the BAT GRRs. It is dear from the figures that there is 
not a large number of S-GRBs that have soft spectra. Most of the S-GRBs have a fluence 
ratio of about 2, On the other hand, the averaged finance ratio of the L- GRBs is 1.3. The 
KolmogOrov^SnuronOv (K S) test probability of the finance ratio between L-GRBs and S- 
GRBs Ls 8.3 x iO^ 20 . Based on this comparison, wr ran conclude that the S-GRBs are 
generally harder than the L-GRR^ However, note that there is a large overlap in hardness 
between L-GRBs and S-GRBf in the BAT sample. The S-GRBs with E.E. overlap the 
l.-GRB samples. 

The comparisons in the fluence ratio-TsR plane for the BAT. the BATSE, the BtppoSAX 
and the HETE-2 GRBs are shown in Figure 9. Both ftuenccs and 71 c values for the BAT$E 
sample arc extracted from the 4B catalog For the BeppoSAX sample, wr 1 used the best fit 
simple power- law model in the catalog (Frontera et aJ. 2009) to calculate the fluence ratios in 
toe 50-100 keV and the 25-50 keV band, For the HETE-2 sample, we calculated the fluencies 
iti those energy bands using the spectral parameters reported in Sakamoto et al , (2005) and 
P6langeon et al. (2008). We only calculated the fiuencee for sources listed with CPL or Band 
parameters/ The Tm values of the HETE-2 sample arc from Pelangeon et al (2008). As 
seen in Figure 9, the GRB samples of different missions are overlaid on each other. 


4.4. Peak Fluxes and Fluences 

Figure 10 shows the 1-s and the 20-ms peak photon fluxes versus the fiuence in the 
15-150 keV hand. As we showed in the BATl catalog, there is a positive correlation between 
peak photon flux and fiuence. Rased on the correlation between the 2fl ms peak flux and 
the 15-150 keV fluence (lower panel of Figure 10) T it is now dear that most of the BAT 
S-GRBs populate a tow fiuence but high petoc flux region For S-GRBs, the 1-s peak flux 
is systematically lower than the 20- ms peak flux because the l-s time window 1 Ls usually 
predominantly larger than the actual S-CRB duration used for calculating the flux That 
the S-GRB population has low fiuence and high peak flux in the BAT sample could be due to 
the selection effect of the imaging requirement in the trigger algorithm (e.g. more detected 
photons are needed to image the source). 

Trie fluence in the 50-150 keV bund versus that in the 15-50 keV band for the BAT 
GRBs is shown in the top panel of Figure 11 On this figure we also indicate the distribution 


a Because of this spoctml model requirement wo are excluding a I&tec Dumber of X-ray flashes in the 
HET&2 sample where et PL is the usual accepted model, 
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expected for a Band function with a low energy photon index of — 1 and a. high energy 
photon of -2.5. Comparing to these lines we see that 43% of the BAT GRBs have 
> 100 keV , 50% of the BAT CRBs have 30 keV < < 100 keV, and 7 % of the BAT 

GRBs have < 30 keV, The 5-GRBa generally have low fluenccs with hard spectra and 
a small overlap with the L GRB properties. On the other band, the 8 -GRB.h with EX, lie in 
the same region as the 1,-GRBst, However a th« initial short spikes of the S-ORBs with E.E, 
have similar characteristics to the S-GRBs. The bottom of Figure 1 1 compares the BAT, 
the BATHE, and the IIET&2 GR.Bs in l he same fluence-fluence plane, The fluences for the 
BATHE sample and the HETE-2 are calculated using the best fit spectral parameters of a 
CPL model and a Band function as reported in K&neko et al. (2006) and Ptilaogeon et al. 
(2008), The majority of the BATSE bursts have high fluency with hard spectra. The HETE- 
2 and the BAT samples have a similar charnel. entries in the fl unices. The similar m Ember of 
GR&S id the range > 100 keV and 30 keV < < 300 keV is consistent with the 

HETE-2 GRB sample (Sakamoto et ah 2005), The systematically smaller number of GRBs 
with a soft spectrum (£^2^, < 30 keV) in the BAT is likely due to a lack of sensitivity below 
15 keV for the BAT. Differences in BAT, HETE-2 and BATSE are wry likely due to the 
different response and trigger energy as shown in Figure 12. 


4.5. Time-ave raged Spectral Parameters 

Figure 13 shows the histograms of the BAT time-averaged photon index from a PL fit 
for L-GRBs 3 S-GRBs. S-GRBs with E.E. and the initial short spikes of the ETGRBs with 
E F A Gaussian fit to the histogram of PL photon indices of L-GRBs shows a peak at —1.6 
with a a of 0.3. This BAT photon index baaed on a. PL fit is systematically steeper than the 
typical low-energy photon index a -1) and also shallower than the high-energy photon 
index 3 —2.5) based on a Band function fit (e.g. T Kaneko et aL 2006), As demonstrated 

in the detailed spectral simulation study of Sakamoto et al. (2009), the distribution of the 
BAT photon index in a PL fit reflects the fact that more than half of in BAT GRRh are 
located within the BAT energy range (15-150 keY). This is consistent with the discussion 
in section 4,4 that 50% of f in the BAT GRBs are located 30 keV < < 100 keV 

assuming typical spectra! parameters from a hi to a Band function. The histogram of PL 
photon indices of S-GRBs has a shift toward a shallower index compared to that of the 
L-GRBs. The time-averaged PL photon index for the S-GRBs is 1.2. We used a K S 
test to cheek whether the L-GRBs and the S-GRBs are drawn from the same population. 
The K S test statistic of 10" r strongly indicates that the time-averaged PL photon index 
distributions of the L-GRBs and S-GRBs are different, We confirm in the BAT GRR sample 
that S-GRBs in general have a harder spectrum than that of L-GRJBs (e.g., Kouveliotou et al. 
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1993; Ghirlanda et al. 2009 )* Although the number in the fanner sample is limited, Lhe timo 
averaged PL photon index of ELGRBs with E.lv is consistent with the L-CRRs On the other 
hand, the PL photon index of the initial short spikes of the 5-GRBe with E E, is much more 
consistent with that of the S-GRBa. 

Figure 14 shows the BAT time-averaged photon index from a PL fit vermis the flnence 
in the 15-150 keV hand. Similar to the trend in Figure 1 1 and 1 3, the S-GRBs are located 
in a lower fiuenoe and a harder spectral region compared to the L-GRBs. The time-averaged 
properties of the S-GRBs with E.E. overlap with the L-GRBs in the PL photon Index - 
fluence plane. The initial short spikes of the $-GRBfi with E.E. seem consistent with the 
properties of S-GRBs in this plane, but he in a systematically higher fluence region than t rio 
S-GRBSp 

The low-energy photon index a and from a CPL fit, are shown for the BAT, 

the RAISE and the HETE2 CRB* in Figure 15. 77 out of 156 time averaged spectra 
(17%) in the BAT sample show a significant improvement of x 3 in a CPL tit over a PL fit, 
> 6). The BATSE and the HETB-2 spectral parameters from a CPL fit axe taken 
from Kaneko et ah (2006) and Psilangeon et ah (2008) respectively. The iow-energy photon 
index o is consistent among all the instruments However, most of rhe of the BATSE 
GEBs are larger than 100 keV\ whereas the majority of in the BAT and the HETE-2 
GRBs are less than 100 keV\ This is more dearly represented in the histograms of 
shown in Figure 16, The Gaussian fits to the log-normal histograms of the BAT, the 
BATSE and the HETE-2 samples reveal the peaks to be at 79 feeV, 320 keV, and 65 keV 
with <r in log( of 0.18, 0.22, and 0.31 respectively. The K-S test probabilities in the 
lo^- normal distributions for the BAT and the BATSE bursts, and the BAT and the 
HETE 2 bursts are 9 x 10^ a] and 0.15 respectively. As clearly seen in these histograms, 
although the peaks and the widths of the distributions differ among the instruments, 
they are overlapping, Moreover, there is no sign of a bimodai distribution in the 

measurements from a single instrument, Therefore, we may conclude that “true" has 
a -single broad log-normal distribution. The difference of the distributions among the 
GRB instruments is very likely due to an instrumental selection effect. 


4.6. Time-resolved Spectral Para meters 

We have chosen 3284 out of 3323 time-resolved spectra, for further study, based on the 
goodness of fit (y 3 < 2) and also the constraints on the spectral parameters* Figure 17 
compares the distributions of the photon index in a PL lit between the time-resolved and 
the tune-averaged spectral samples Fitting a Gaussian to each of the histograms gives, for 



the time-resolved sample a peak at —1.53 with a of (L47 ? and for the time-averaged sample 
a peak at - S .57 with c of 0.32- The K-S rest probability for the time-resolved and rhe timo- 
sveraged PL photon index distribution is 10“*. Therefore, there is a marginal difference 
in the photon index of a PL St between the time- resolved and the time-averaged spectra, 
especially in the widths of their distributions. 

Figure 13 shows the differences in isjjjk from the CPL fit between the time-resolved 
and the time- averaged specira 472 out of 3284 time-resolved spectra show a significant 
improvement of x 2 in a CPL fit over a PL fit (Ajf 2 > 6). The Gaussian fits to these log- 
normal k . histograms show a peak at 68 keV with lug(E°^} of 0.23 for the time-resolved 
sample and a peak at 77 keV with log(£^) of 0,19 for the averaged spectra, We found 
a K-S probability of 0,04 for the comparison in E ^ * k distributions between the time-resolved 
and the time-averaged spectra. Therefore* there is no significant difference in based 

on a CPL fit between the BAT time- resolved and the time-averaged spectra. 

Ghirlanda ct ai. (2009) suggested a possible resemblance between the low-energy photon 
index a of the S-GRBs and the initial part of the spectrum of the L-GRBs in the BATSE 
GEB&. Figure 13 shows a significant difference in the time averaged photon index for a PL fir 
in the BAT data between the L-GEBs and the S-GRBfi. Therefore, it is worth investigating 
this difference using our time-resolved spectral results. Figure 19 shows the histograms of the 
BAT photon index in a PL fit for the initial spectra of the L-GRBs and the time averaged 
photon index of the S-GRBs, The initial spectrum is chosen to be the first spectrum of 
the time- resolved spectra for each, burst The K-S test probability com paring the initial PL 
photon indices of the L-GRBs and the timenaveraged photon indices of the S-GRBs is 0.02. 
Therefore, the K-S test shows no clear indication that the PL photon indices in the initial 
intervals of the L-GRBs and the tune- averaged PL photon indices of the S-GRBs are drawn 
front the same parent population in the BAT data. 

One of the important questions about prompt emission from GRBs is whether or not 
the observed spectrum is correctly represented by th« synchrotron shock model (SSM) 
(Rees £ r . M^szaros 1992; Sari et al, 1996). According to Preset! et al. (19981, 23% of the 
BATSE time- resolved spectra have low-energy photon indices which violate the SSM limit 
from -3/2 to —2/3 (the so called "line of death 11 problem). Although the BAT photon index 
based on a PL fit docs not represent the low-energy photon index tv of the Band function 
if Is located inside trie BAT energy range (see section 4.5) t the BAT photon index 
should be the actual Iota energy photon index a if E ft?*, is located above the BAT energy' 
range. Therefore. Lhc photon index derived from a PL fit in the BAT time- resolved spectra 
is die interesting dataset to investigate the line of death problem. Figure 20 shows the BA' I 
photon index versus the energy flux in the 15-150 keV band using time- resolved spectra with 
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a PL fiL We only lined the results for which Xe QQ% error of the photon index has been 
constrained within ±0.5. Gut of 29G8 points in the figure, IB spectra (0.6%) exceed the hard 
side of the line of death (>-2/3) by >1.6 a level. Figure 21 shows the distribution of the 
low-energy photon index o versus of the BAT time-resolved spectra for which there is 
a significant improvement of x 2 in a CPL fit over a PL fit. Just as in the PL fit samples, we 
only used spectra where the tow-energy photon index o is constrained within i 0,5 ai the 
90% confidence level. Hie low-energy photon index of 23 out of 234 spectra are harder than 
—2/3 by >1,6 a level There is only one time-resolved spectrum (GRB 090618 from 110 5 s 
to II 2 272 s from the trigger time) which violates the softer side of the line of death (<— 3/2) 
at the significance level of >1,6 o\ Therefore, the total fraction of the BAT spectra in the 
GPL samples which violate either line of death is — 10%, Although there are the spectra 
which violate the line of death in the BAT data, it is likely that the number of the BAT 
spectra which violate the limit is a factor of two smaller than the BA'FSE result. Figures 
22. 23 and 24 show the BAT light curves with shading of the time intervals exceeding the 
line of death. We notice that the intervals exceeding the line of death are mostly in bright 
tip ikes in the light curves. Furthermore;, in some bursts, the rising part of the light curve 
fe.g. GRB 0SQ319B) exceeds the limit. Although it is hard to conclude which part of the 
light curve violates the line of death because of the snail number of samples in our study, we 
do see a general trend that 1) a bright peak and 2) a rising part of a peak in the light curve 
tend to exceed the line of death limit,. This is consistent with lira BATSE results that the 
initial part of the FRED pubes tend to violate the lino of death Xu et ah 2010). However, 
we do want to Stress that majority of the photon indices derived from the BAT spectra are 
consistent with the exjjectation of Lhe 3SM. 

An interesting result from the Fermi mission b that in at least one burst t GRB D90902B, 
{Abdo et si. 2009,' which has a strong GeV detection by rhe Large Area ThlcseopC shows the 
presence of an underlying power- law component in addition to a Band function component 
in the time-resolved spied ra. The extra power-law component emerges not only in the GeV 
energy range but also in the <50 ktY energy range. We decided to investigate if such a feature 
is present as well in the BAT time-resolved spectra. To do this, we perform BAT spoctral 
simulations using the spectral parameters of the interval b of GRB O9Q902B (from 4.6 & to 9.6 
s) as reported in Abdo et al. (2009): the Band function parameters of ct — U.07, S — -3.9 
and £^Jj, = 908 keV, and the extra power-law photon index of —1.94. We simulate 10,000 
spectra using the BAT energy response of 30 p off-axis with the xspec lake it command. 
The background from the real data is included in the simulation. When then checked to 
see how well the two models, PL and GPL, fit the simulated spectra. F igure 25 allows one 
example of a Simula (red ^poctrum fitted by a PL model. Since the input spectrum lias a steep 
power-law (photon index of —1.94) and then breaks to a very flat power-law (phot on index 



cf 0.(17) around 50 keV, the BAT simulated spectrum shows a significant delation from a 
PL fit. Lc. this exijjiipip, the reduced x 2 ms PL fit is 2.93. Figure 26 shows the reduced 
X 2 distribution of all the BAT simulated spectra when I tied by a PL model. A Gaussian 
fit to this histogram yields a peak of 2.58 with a of 0.28. 99.97% of the simulated spectra 
show a red; iced x 2 > 1 7. None of the GPL fits to the simulated spectra shows a significant 
improvement over a PL fit. By comparison when we look at the real BA I spectra t we find 
that the reduced x 2 distributions of the time-averaged and the time- resolved spectra fitted 
either by a PL or a CPL model are well centered around E (Figure 27). There are only two 
time resolved spectra (out of 3284) which show a reduced x* > L7, For these two spectra, 
the residuals from the best fit models are not similar to the residuals seen in Figure 26, For 
the time-averaged spectra, the poorest reduced x* 1 .54. We can therefore conclude that 
we do not confirm the existence of an extra power-law component which extends below 50 
keV Ln the BAT GRB spectra. Although GRE 090902B and other Fermi GRBs for which 
detections of the extra power-law component are claimed could be a special type of GRB 
which has never been observed by the BAT, we believe that confirmations from Other GRB 
instruments are required to validate the existence of the extra power- law component, and 
especially its presence in the hard X-ray range of the spectrum. 


4-7. Observed Properties vs* Redshifts 

Figure 28 shows the observed BAT Tt» duration versus reds! lift. We also plot the 
erh:', dated 7 Iki that we would observe if three particular GRBs, GRB "" ■"■25 A (z=(J.606), 
GRB 061126 {z=l,1583) and GRB Q61222B (z=3.355) had occurred at different redshifts. 
If high-z bursts have the same duration distribution m the rest frame as low -2 bursts, then 
wc would expect the duration of a high-redshift GRB tends to be longer as shown in the 
trajectories. Due to the intrinsic scatter in duration and also the relatively small number 
of high-nedshift GRBs, it is difficult to conclude whether we see a clear indication of the 
time-dilation effect in the data. 

Figure 29 show's the observed photon index of the time averaged spectra in a PL fit 
versus redshift, if there is ar_ intrinsic spectral shape in the GRB rest frame, we would 
expect the observed spectra to be softer when the redshift is higher. The overlaid curves in 
the figure show, the expected BAT observed PL photon index as a function of redfihift for 
a model burst with of 300 keV, 100 keV and 30 keV. We used the E L^-l - V relation 
(Sakamoto et al. 2009) to convert into the BAT PL photon index for these curves. 

There is no obvious observed trend beeau.se of the intrinsic scatter in the data arid relatively 
srr&33 sample of riigh-rodshift GRBs, 
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The distributions of the peak flux and Lhe fluents as a function of r*?dshifr. are shown 
in Figures 30 and 31* Although the peak flux and the finance measured in the narrow BAT 
energy band are not bolometric measurements, there is no obvious correlation between those 
paacameteis and Lire redshifts, The fluence and the peak flux of the low rerishift GRBs are 
skittered from the lowest to the highest values. The high rtdshift GRBs are located in the 
small peak flux and the fluenct: region, but they are not the dimmest populations of the BAT 
known redshlft GRBs, 


4*8* Rest-frame Properties 

Figure 32 shows the distribution of Too and T 5 0 durations calculated in the 140-220 keV 
baud in the GRR rest frame as a function of redshifL The averaged Fa> and Tlsc durations 
in the rest frame are 18.5 s and 8.(1 s respectively. The respective correlation coefficients 
between % 0 and Th) and the redshifts are 0.09 in 122 samples (null probability of 0.3) and 
0.1 in 121 samples (null probability of 0,3)* Therefore, there is no clear trend between the 
duration in the GRR rest fame and the redshiffr 

Figure 33 shows the correlation between and the isotropic-equivalent energy E^ 
The 2?^ and E lh 0 values of the GRR samples from BATSF, BcppoSAX and HETE-2 are 
extracted from A matt {2006}. We only select the Swift GRBs for which we reported the 
time-averaged CPL fits in this catalog and that also have redshift measurements, For those 
bursts, we Bt the spectrum with a Band function to measure and E i w , is calculated 

by integrating over the 1 keV - 10 MeV band in the GRR rest frame. We used the same 
cosmological parameters of Aruati (2006) b the calculation of Ei k for the Swift GRBs. 
Table 13 summarizes the values of £^ k and of Swift GRBs. Ah shown in Figure 33, the 
Swift GRR samples are consistent with the samples from other GRR missions, and follow 
the relation originally proposed by Amati et al. (2002). 


5. Siunniiiry 

The BAT2 catalog Includes 476 GRBs detected bv BAT during 3 years of operation. 
We present the observed temporal and spectral properties of the BAT GRBs mainly based 
or* BAT event data, I a this ratalog. w present not only the time- averaged but also the 
time-resolved spectral properties of the BAT GRBs. We also distinguish among L-GRRs, S- 
GR.Bs t and S-GRBs with E*E* to investigate possible distinct characteristics in the prompt 
emission properties Comparisons of the prompt emirtsion properties among the RATSE, 
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the DcppoSAX mid the 1IETE-2 GRB Samples are shown. The observed prompt emission 
proper Lies for I he BAT known redshift. GRBs are also presented 

We have shown that the BAT Tgo and Th> durations peak around 70 s and 30 s, re- 
spectively, whereas the BATSE, the BeppoSAX iind the HET&2 Too durations peak around 
Kb30 s. This can he understood by the differences in the sensitivities of the instruments. 
We haw confirmed that the speed r a of the BAT S-GRBs are generally harder than those 
cf the I^GHBsi. The overall hardness of the S-GllBs with EE- is comparable to that of 
the L-GRlkj whereas, the hardness of the initial short spikes of the S-GRBa nit a E.E. is 
Comparable to t,hat of the S-GRBs. By compa ring the BAT GRBs with the BATSE and the 
HETE-2 samples using the fiuences in the 5(kl5G keV and the kcV bands, we have 
shown that the majority of the BAT GRBs a re systematically softer than the bright BATSE 
GRBs, whereas the HETE-2 samples overlap with the BAT GRBs in tins fluonce-fluence 
pi flue. We have confirmed that the photon indicica of PL fits to the BAT S-GRBs are harder 
than those of tbs- L GRBs in the time-averaged spectral ii.nalyr.i4 The distribution of the 
time-averaged PL photon indices of the S-GRBs with E,E. is consistent with that of the 
L-GRRs. However, the PL photon indicies of the initial short spikes of the S-GRBs with 
E.E, are much more similar to those of the S-GRBs. The time- averaged of the BAT 
GRBs baaed on a CPL lit shows a log-normal distribution in t.he peak around 80 keV which 
i.s significantly smaller than that of the BATSE GRBs which peak around 320 keV. There 
is no significant difference in the EJJj, based on a CPL fit between the time-averaged and 
the time- resolved spectra in the RAF data We have couiirriiud that only 10% of the BAT 
photon indices in r.ha BAT time- resolved spectra tire outside the allowed range of the line of 
death (the limit from rhe SSM), The intervals which violate the line of death are at bright 
peaks and/or at a rising part, of a peak We see no obvious observed trend in the BAT T® 
and the observed spectra with redshifts. The iko and durations calculated in the 140-220 
kcY band in the GRB rest frame for the BAT known redshift sample are peaked at 19 s and 
8 a, respectively. The BAT GRB sampler are consistent with the E^^-E^ relation (Amati 
relation). 


We would life to thank C. R. Shrader for instructing tools (CGRO ftools) to read 
BATSE data by xspec, We would also like to thank the anonymous referee for comments 
and suggestions that materially improved the paper. 
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Tabic 2, BAT GRB energy flucnce 


lrj(b 

Nunns 

Sp*ctml 

Mode! 

3(15-35) 

3(15-50) 

9(60- 1£») 
(IQ -1 ergs ian 

9{lttFLW) 

S{ 19-150) 

Start 

W 

Strip 

(b) 

WeM 

Nmi 

CPL 

30 0 k 3, L 

72,1 ± 3-3 

106-Cl ± 5-3 

91.1 ±8.1 

CTM>± 12-1 

+632 

*7,90 


MJ219A 

— 

— 




— 

— 


(I) 

[MI?1»B 

— 

— 




— 

— 


a) 

04191 ac 

PL 

29,5*2,0 

34 5 * 1,5 

34-4 ±1.6 

200*2-3 

114.0* 6.6 

±0.00 

*12.00 


141290 

PL 

5,3 * 0.6 

9.3 ± 0.7 

11-3 ±1-2 

8.6 ± 3,3 

39.6*2.9 

-0.21 

+6.81 


'mm 

PL 

153.0 * 5.9 

347.0 ± 7.7 

62LQ±104 

579-0 ± 15.3 

1700.0 ± 137.2 

■1094 

+ 145.04 


Ml 224 

CPL 

133.0 rt 11,0 

261 .0 ± L0 4 

3C0.0± 14,2 

1*9.0 ± 21.1 

953,0 * 34.3 

409,93 

+116.27 


04! >36 

PL 

3.8 ± 1-5 

7.4 ±1.3 

13,0 ± 3.4 

9 9 ± 4 3 

3U)±9-2 

-1.34 

t93 5U 


CMJ33S 

PL 

52-fi±4? 

90.2 ± 4-2 

118-0 ±6-1 

54-7 ±7.1 

145.0 ±|4.fi 

-0-46 

+ 66 7* 


050117 

CPL 

112.0 3:7.1 

320 0 ±5.9 

338.0 ± 9.2 

211.0*16.6 

SB7.0 ± 23.0 

*4.28 

+2! 6.89 


050124 

CFL 

12.7 i 1.7 

30.3 ± 2.0 

46.3 ±3,1 

23.5 ± 4.9 

118.0*0.9 

-3 50 

+3.07 


050135 

PL 

10,1 ±1. a 

20 3 ±2 2 

31. 6 ±40 

29,1 ±5-0 

Js8 0 ± 10.P 

-11,44 

+36.56 


'iMI'iS 

CFL 

fiL2±fi,3 

1250 16.S 

201.0 ±11.3 

1*1.0 ± 15.2 

51 3, .0 * 33.7 

-769 

+25.44 


050207 

PL 

0 4 ± 0. 1 

0.7 ±04 

1.1 ±0.2 

O B ±0.3 

3,2 * 0.9 

+6,00 

+0.14 


0502 L5A 

PL 

7.1 * L 9 

14.4 ± 3.2 

23,0 ± 4,0 

12,4*5.9 

63 9*0 9 

,0.32 

+71.07 


05021 5B 

PL 

01 ±0.9 

7.4 ± 0.8 

6-6 ± 1.4 

3.5 ±1.1 

23.5 ± 3.2 

-1 98 

+10,80 


0502! BA 

CPL 

33,9 ± 3.7 

103 0 ± 4-5 

173.0 ± 7,5 

03 .4 ± 10-9 

405.0 ± 3J5.9 

-9.61 

+20 08 


05021 VD 

CPL 

lflfi.0 ±16.5 

113 0 ± 15.5 

004.(1 ±23.7 

39l-D±2fl3 

1580.0 * 49,5 

-35.50 

+39.67 


ywm 

PTf 

12.2 ± 1.5 

IB. 4 ± 1-5 

20,7 ± 2.8 

13.3 ±2.8 

64.6 * 9.6 

-12 01 

+ 19.57 


050106 

CFL 

136.0 ±14.4 

287.0 ±1 

425-0 ±214 

mO ±27-5 

1] 40,0 *33-9 

•342 

+ 187.84 


C503I5 

PL 

75.0 ± 5.4 

B7.S ±4 3 

92 0 * 6.2 

51 3*5.5 

317 0± 14.3 

-BG.24 

+ 69-18 


C 5031 8 


— 

— 

— 

— 

— 


— 

(2) 

D 50319 

PL 

27 & ±3-7 

ma ± a ,s 

41- 1 ±6-5 

24 0*60 

133-6 ±149 

-134.69 

+27.76 


050326 

PL 

»£U±S.5 

E93 0 ± 4-3 

321 0 ± 5.9 

380.0 ± 8-5 

684.0 ± 15.3 

-0.84 

+ 32.42 


050401 

FL 

04.9 ±73 

19l,0±a7 

29B.0 ±119 

247.0 + L5 4 

931-0 ± 30. ft 

-7.6S 

+20.08 


C50«9 

CPL 

3 2 ± 0-5 

M ± 0.5 

1.1 ±0-9 

0.35 

6,7 *1.4 

-2.50 

+3.9U 

m 

050*10 

CFL 

59&t69 

12B.0±7.3 

194.0 ± 10-8 

82 .9 * 19-6 

435 0*24 9 

-27-02 

+36-98 


050412 

PL 

3.3 ± 0.7 

9.6±12 

23.2 ±2.0 

29.8 ± 3-7 

62 9 ±5.7 

fi-28 

+22 ! 6 


CSWlfiA 

CPL 

19.7 * 2.3 

13.3 ±3.2 

M ± 2.0 

1. 8*0,0 

40.7*5.6 

+0,0.1 

+10.14 


C50416B 

CFL 

*0 3:1:2-3 

27 9 ±2,7 

45.6 ±4 6 

27,2*6-9 

111 -0 ± 10.1 

-<-0 06 

+4.2U 


050416 

CPL 

77.9 ± 6 4 

143 0 ±5 7 

181-0 ±12 

109,0 * 12.9 

5IL0±!9.9 

-9 39 

+90. BO 


C 50421 

PL 

2.1 ±0,3 

3-7 iO-B 

49 ± 1.7 

3.6 ±1,9 

14.3 ± 4.0 

*0.0® 

+19.11 


C 50*22 

PL 

7.2 ± 1-5 

14.1 ±1,8 

21.2 ± 3.J) 

17,1 ±4.1 

599 ± 9. 1 

-11.30 

+99,70 


C 505MB 

PL 

70 r 08 

121 ±0 9 

19.2 ± 1 .5 

1 L9 ± 2-0 

47-1 ± 4-2 

4732 

+3L 18 


BNUM 

PL 

30. D ± 4.0 

55-3 ± 4-8 

«0 3 ± 7,1 

73,5* 8-0 

251 0± 16.1 

40.66 

+52.51 


C50JS07 

— 

— 

— 

— 




— 

(3) 

C50509A 

PL 

8 3 ±1.0 

10.4 ±08 

9,7ilS 

5.5 *1,3 

33. 8 ±3,3 

-629 

+9.06 


C5O30BB 

FL 

o.o«±n.03 

0.16 ± 0.04 

0-26 ±0.6* 

0.2 *0.1 

a? ± o.2 

*0.00 

+0.03 


G5C525A 

CPL 

220 0 ±9. a 

140.0*7 6 

555,0 ±8.8 

299.0 * 8. f 

1.610.0 ±200 

-012 

+ 12 98 


050&U 

PL 

12. 1 ±2.2 

14.3 ±2,0 

12.1 ± 3.0 

6:2 ±2,3 

44_7 ± 7.0 

-6,20 

+LBS 


050003 

PL 

66,3 ± 54 

147.0 ±7.1 

257 0 ± 11 . 2 

233.0 ± 16,1 

703,0*38.9 

-17.77 

+33.20 



rtbR event, dm ft rK?tj available, 

'The event dnl.u n( iLb part of the buist emlsfti n ne not svailabii* 

fl S(3C*> !&0) in aj: upper limn 

^S(5&400] rt an upper Um it 
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Table 3. BAT GRB 1-g peak photon flux 


GRB 

Name 

Spectral 

Model 

P* h ^a5) 

f^x^soj 

Fj b {5O-300] 

(piiDtoiui rin 1 

F^flQO-150) 

F^(i5-iao> 

Sun 

(•) 

Nnta 

041217 

PL 

2.09 ± 0.20 

2.J4 ± D-1T 

1.70 ±0.14 

0,796 ±0 106 

G-82 ± 0.4b 

+3.3R 


M12L9A 


— 

— 

— 



— 

(1) 

04131 m 

— 




— 


— 

CO 

M13J0C 

PL 

0,0ft ±0.14 

0.73 ±0,04 

0.1ft ± 0.0 3 

0-19 1 0.02 

2 33 ±0,23 

±2 00 


041330 

PL 

[>.53 ±0.02 

0. 53 ± 0.02 

0.46 ± 0 03 

0.22 ±0.03 

1.7ft ± OH 

-0-02 


34i m 

PL 

1.51 ±0,11 

2 20 ±0 ,10 

2 .33 Tt mo 

1.4ft ±0,0,1 

7,58 ± 0.20 

+*5,01 


0413M 

PL 

082 ±0.14 

0,95 ± 010 

0,70 ± 0.04 

0.40 ± 0.03 

2.95 ±0.20 

0,06 


Ml 326 

pl 

009 = 0-03 

0 1 1 ± D.Q2 

0-00 ± 0,00 

0 05 ± 0,01 

0*4 + 0 05 

+331 


04122S 

PL 

0.63 ± 0.15 

O.ifi ± 0.04 

034 ±0 03 

0.13 ±0.02 

165 ±0,24 

+33.03 


350117 

PL 

0.51 ±O03 

0.70 ±0.03 

0.70 ±0 03 

0,41 ±0.03 

2.32 ±0.16 

+87.33 


050124 

CPL 

4.20 ±0.« 

11 -9 ±0,0 

19 5 ±1.5 

11. 1 ±2-2 

4ll.fi ±3.3 

-at 


350120 

PL 

004 

not 

1-56 

2.21 

4.32 

+ 131 

(3,4, 5,6,7) 

3501 28 

PL 

S.73 ± 1.02 

1J.* ± 1-3 

22.2 ±2.2 

lft.7± 2 .a 

61.8 ±5.08 

+ 5.4. 


<150302 

PL 

0,58 ±0.31 

1 .09 ± 0 *4 

1.57 ±0.55 

1.22 ±0.69 

446 ± 1.31 

-0.4 


05021 5A 

PL 

0.27 ^ 0.16 

0,73 ± 0.28 

l.Bfl ± 0.46 

2 ,ii±o.eo 

5.02 ±1,27 

4-5.0 


0503L&R 

PL 

0.78 ± 0 20 

1 24 ± 0.23 

1.47 ±0 42 

O.WJ ± O 42 

4,47 ± 1 00 

+0.1 


05021 9A 

PL 

2.7S ± 0 17 

6,33 ± 0.67 

11. 6± 1.2 

10.7 ± 1.7 

31.4 * ±1 

+9,0 


05031 &R 

CPL 

23,0 ± 2,6 

50.7 ±3.1 

69,6 ±4.9 

40.2 ± D.a 

184.0 ±10.0 

+3-8 


050330 

PL 

0,W ± 0.20 

1.22 * 0 30 

1 70 ± OSS 

1-37 ±0.67 

5 00 ±1.32 

+ 1.0 


canoo 

PL 

2 , en ±0,71 

6.30 ± 0.9d 

11.1 ± 1,8 

10.0 ± 2.0 

30.4 ± 3.9 

+ 107.0 


050315 

PL 

3,67 ±0.33 

3,47 ±0,36 

3.30 ±0.57 

1.85 ± 0.48 

U.3± 1.4 

+34 6 


050315 


— 

— 





<*) 

050319 

PL 

1.00 ± 0.a5 

2 ± 0 J3G 

2 6ft ± 0.30 

1 -50 ± 052 

8 02 ± 1,43 

+0,5 


050326 

PL 

8.13 ±0.40 

31.0 ±0.6 

43,6 ± 1.4 

US ± 2.1 

117 0 ±3.6 

-0.1 


C5040J 

CPL 

3.33 ±1.53 

21 2 ±2,1 

4J.T±4L 

29.0 ± 5-3 

90,2 ±7.0 

+M.3 


650100 

PL 

0,53 ±0, 3 a 

C.S5 ± 0.20 

0-57*0 32 

0.30 ±0,25 

2 04 ± 0,76 

+0,1 


t 504 10 

PL 

1.91 ±0.02 

2.9ft ± 0 tm 

3 51 ±1.12 

2.33 ±1 in 

10.7 ±3-7 

-55 


050412 

pr. 

0.23 t 0.11 

0 74 ± 0 22 

l.9ft ± 0.345 

2.47 ±0.73 

5,43 - 1.07 

+ 1.1 


OttHlftA 

CPL 

4 -M ± 0 -92 

9 44 ± 1,13 

1.75 ± 0,94 

— 

19-9 ± 1.9 

+ 0,0 

(8) 

C504iflB 

PL 

4.27 ± O. fcl 

10.3 ± 1.3 

212-31 

23 .2 ±31 

57-3 ± 5.4 

+0,1 


C5MLH 

PL 

2. 79 ±0.38 

0.87 ±0255 

1X3 ± 10 

1 1.7 ± 1.4 

33-4 ± 3-5 

+0,7 


CS0421 

PL 

0.43 ±0.19 

0-32 ±0.21 

1.05 ±0.41 

0.76 ± 0 45 

3.10 ±0,07 

+0.4 


C 50422 

PL 

0.36 ±0,10 

0-51 ± 0.20 

0 56 ±0 38 

0.50 ± 

1.78 ±0 87 

+603 

( 8 ) 

250502 bs 

CPL 

1 12 ±0.20 

3-10 ±0 32 

4.47 ±0.52 

2.01 ±0,81 

10-7 ±1.2 

+0-2 


050505 

PL 

I 39 *0.4* 

3.29 ± 0 64 

6 17 ± O.05 

5.80 ± 1.33 

16.7 ± 2,5 

+ 1.0 


050 507 





— 

— 

— 

P) 


sw t daa-E a. uJf# not (ivtuJabln, 

a Tha ovrni >1 1!4 •>' Lbe part <■:! the bunn cTTi: isii -n nrii not Available 
3 F^ h ('l5-16) ta an upper linm 
(35-50) t? an Upjwr fcnui 
4 F^t&CH0D) M an uppar Hmil. 

^’^{iOU-lSG} ir upptT limit. 

,5 " ,5a ) In &n upper Limit 
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Table 4, BAT GRR 1-a peak energy flux 


GKH 

Nbne 

Spectral 

Mortal 


PL* (25-50) Fin* (50-100) FS»(1WHB0) 

(10 -R r'3 jff. cm 1 " 2 s' 1 ) 

F&„(15-150) 

Note 

041217 

PL 

fi.5 ± 0.8 

12 7 ±08 

19 3 ±1-7 

15-7 ±24 

64 2 ± 4 2 


MiaiyA 



— 

— 

— 

— 

w 

041219B 

— 



— 

— 

— 

o> 

041219C 

PL 

3-7 ± 0-4 

4, 4 ±04 

V4 ± 0,7 

07 ±0,6 

16 3 ± 14 


(Ml 230 

PL 

1 G ± 0.2 

03 ± 0.3 

5.2 ± 0-6 

44 ±07 

14.5 ± 13 


041223 

PL 

4,8 ± O.i 

12.3 ± O.G 

27.7 ± L2 

20.4 ± L.9 

74 6 ±3.2 


04132-1 

PL 

2,5 ±0,4 

3,. 4 ±0.6 

n.o±i,o 

7.8 ± 13 

24.9 ± 2.6 


041326 

PL 

03 ±0.1 

0 6 ± 0 2 

1.1 ± 0-4 

1.0 ±0-5 

2.9 ± 0.9 


041326 

PL 

2.0 ± 0.6 

3.1 ±0/5 

3A±OS 

a,e±o,8 

11.4 ± 1.8 


0501 17 

PL 

1 6 t 0.2 

4.0 ±0.3 

6.1 ±0.6 

*£±1.0 

21.9 ± l.T 


050 124 

CPL 

4.2 ± 05 

N9±08 

19-5 ±1.6 

11,1 ±2.2 

46 6 ± 3 3 


030120 

PL 

os 

0.9 

1,6 

2-2 

4.2 

(1,4,11,0.7) 

own* 

PL 

fl.7-.fc 1.0 

13.0 ± 1 3 

22.2 £2.2 

18.7 * 14 

01.6 ±5.7 


050303 

PL 

0.0 ± 0.3 

LI ±0.3 

1.6 ±0.4 

1.2 ±0.7 

45± 14 


050? 15 A 

PL 

03 ± 02 

08 ± 0 3 

1.0 ±0-6 

1,1 ± 0-3 

5 0± L-3 


O502]6B 

PL 

09 ± 0.2 

13 ±032 

l.5±0.4 

1.0 ± 0.4 

4-5 ± 1-0 


0602 mA 

PL 

2.8 ±0 5 

0.4 ± 0.7 

11# ±1:3 

]<L7±I.? 

31.4 ±3,1 


05021GB 

CPL 

33-0 ± 2/6 

60. 7 ±3.1 

6fflJ±49 

40 2 ±5,0 

LB4.0 + IO0 


050223 

PL 

0-7 ± OS 

1 -2 ± 0,3 

18 ±0.0 

1,4 ±0.7 

5-0 ±1,3 


0GO30C 

PL 

2 9 * 0.7 

6.4 ± 1.0 

11.1 ±1 5 

iQ-0 ± 2,0 

30 4 ± 3.9 


050315 

PL 

2,7 ±44 

05 ±0.4 

3.3 ±0.6 

1.B ±0.6 

11.3 ±14 


0803 us 

— 


— 




m 

ofioais 

PL 

2-0 -t 0.4 

3-7 ± 0,4 

27 ± 0 0 

LG ±05 

8-9±l,4 


050330 

PL 

8,1 ± 0.4 

31 0 3:0.6 

43.6 ± 1.4 

44.8 ±2-1 

117.0 ± 3-6 


0(M>401 

CPL 

s.d ± 1,5 

21.2 ±2.1 

41.7 ±4.1 

29.6 ±5.3 

99.2 ± 7.9 


030400 

PL 

OS ±02 

0,7 ± 0.2 

0,6 ± 0,3 

0-3 ± 0.3 

2.0 ±08 


osoaio 

PL 

LB ±0.0 

J-0 ± 07 

3.6 ± 1,1 

2-3 ± LI 

10.7 ± f.7 


034H12 

PL 

0,2 ± 0. 1 

0,7 ±0,3 

2.0 ±0 4 

2-5 ± 07 

5-4 ± 1-1 


0504 IfcA 

CPL 

S.b± 0.B 

8,4 ±1.1 

1.3 ± 0.9 

0.1 

19.9 ±1.0 

m 

05041613 

PL 

4-3 ± 0.8 

10.6 ± 1 4 

21.2 ±2.1 

21,2 ±3,1 

67.3 ±5,4 


0304 i« 

PL 

2.9 fc 0 4 

6-6 ± 0-6 

12.3 ± 1.0 

11.7 ± 1,4 

33.4 ± 2-5 


050131 

PL 

0 5 ±0,3 

U,A±02 

1.1 ±0.4 

0.8 ± 0.5 

±1 ± 1-0 


030423 

PL 

0.4 ± 0-2 

0,5 ±0,2 

0.6 ±0.4 

0.8 

1.8 ±0.9 


0SO5O2B 

CPL 

i.l±03 

3 1 ± 0.3 

4.5 ± 03 

2-0 ±0-6 

10,7 ± 1-2 


050605 

PL 

14 ±04 

±3 ± 0 6 

6.2 ± 1.0 

5.9 ± 14 

IS 7 ±2.5 


050507 

— 1 ► 

— 

— 

— 



m 


L 'f'l'iu Evsd dull ue not in.-u.il a! jlf . 

T ovorvt cU(* d the pai r, of Lhe bur*' tmi^imi WP rto-l available 
3 FL*{ 15-316} is M upfurf limit 
^{25-50) is an U|ipni Jjmti 
to «o appH- limit. 

11 E 1 Li { i WL1 GO) in on upper limit. 

7 F&,(1 5.1 Mil is an upper limit 
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■"table 5. BAT GE.B 20 miiec peak photon and energy flux 


GRJ3 

N&mo 

Spectral 

Model 

F^(ll-IN) 

(10 ciga on -1 h 

(photons on '* ft” 1 ) 

StATt 

(*) 

Note 

04121? 

or. 

75.5 ±310 

LliU 

1-3,63 


04 12 ISA 

— 


— 

— 

(1) 

0412 L9B 

— 

— 

— 

— 

ft) 

M12i9r 

PL 

20 .a ± io.n 

i. 1 ± 1 .0 

+8-13 


041220 

PL 

M.Q ±118 

3l 1±L tf 

-0-25 


041223 

PL 

124.0 ±27. L 

11-3 ± 2,2 

+34 30 


011224 

CPL 

44.0 ±10.5 

5,2 ±1) 

+0.63 


04122b 

PL 

13.J ±74 

1,4 ±0-7 

+2,73 


04122b 

— 


— 

±3-49 

m 

QM1E7 

CPL 

41,9 ± 16.0 

4,0 ± 1.2 

htiS-02 


050124 

CPL 

(SB t ± 20.4 

0.6 ± 2.0 

+0.36 


050120 

PL 

20 5 ± 13 2 

2.0 ±1.2 

+3-44 


QB0328 

PL 

134.0 ±547 

14-7±i5 



050202 

PL 

41 y ± 15.3 

4,3 ±1.4 

443,06 


00021 S A 

PL 

16. 7 ±10.3 

1.9 ± 1.0 

+□,40 


060215ft 

PL 

17,0 ± 10J 

1,6 ±0,9 

+1,52 


050219A 

PL 

7l.fi ±31.1 

fl. 9 ±2-5 

+ 10.52 


0502193 

PL 

444,0 ± 103 0 

$6.4 ± 9 6 

+3.06 


050223 

CPL 

13-7 ± 7.5 

2,4 ±1,0 

+7,74 


050300 

CPL 

70.3 ± 35.fi 

7.5 ± 3-7 

+107.% 


050515 

PL 

22. ?± 11.2 

3.2 ±1.4 

+9,86 


05021b 

— 

— 

“ 

— 

m 

050319 

CFL 

18.7 ±7,1 

3,B±IJ 

+0-65 


05032& 

PL 

101,0 ±00.1 

10,0 ± 2.4 

+0.48 


060401 

— 

— 


+25.17 

m 

O5O400 

PL 

n.3 

1.3 ±0.0 

+0-6U 

(*) 

050410 

CPL 

3L0 

5-0 ±2.0 

+7-R4 

M 

050412 

PL 

13,6 ± 5.7 

1.5 ±0 .6 

+21 j®6 


0504 IbA 

CPI, 

25.0 ±12.1 

7.4 x 3.3 

+0,72 


0504 L SB 

PL 

62-0 ±32.0 

6.6 ±4-2 

+0.20 


050*13 

CPL 

4fi.l ±20.3 

5. 7 ±2.0 

42.35 


050421 

PL 

15 1 ± 9. 1 

3.4 j. 0.3 

+ 1-33 


050422 

PL 

12.9 ±7,5 

1.6 ±0.7 

+2,52 


O50502Q 

PL 

23.2 ± 0.0 

2-4 ±0.9 

—0-89 


O5D5O0 

PL 

33.fi ± 13.3 

4-7±2 3 

"S-37 


050507 

— 

— 

— 

— 

(3) 


* The ft vt-jih dflLfc no! *-.7»llabl,*. 

^Reduced * J i* groatEir tbaii 1 . 

5 Tkr; cjvr;i: ..if 'lit j_: . lj_ti. -.1 :l r •> .ra 1 . ‘jjjiiPH ■ i ■ .it r»ol ivai]ab!r 

4 F'!ii*(I5- is upper Unui. 

1 ^(15-1 50) is an upjH4 limit, 

"■.i.' i! >t(-cse faiSed !.n\ r js>s of the turtle nature of the burst 
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Table 6 , BAT time-averaged spectral parameters 


can 


041217 
04 1210 A 

mi«»b 

o*iaint: 

041 220 

041123 

>11224 

tK122« 

041228 

05OH7 

OHM 24 

0110138 

08012* 

050302 

G 50215 A 

05Q2I5R 

0502 19A 

0502 XV a 

050223 

QGOOOfl 

080315 

050315 

0503 19 

050326 

t&twot 

000400 

OVM1G 

050413 

0504 ie A 

0504 10B 

C5Qil.fi 

050421 

060422 


of*< 


- 1 jjsj+G- 06 * 

E ’ M * -&.DC4 


-2J07+S-ai 


m 

416 -R-J(+I 

■ 1 61 7+“*” 


- I =iih+»- M 5( 

:ISp 

•^:ssa 
: S-sb? 

. ; * 


1 ROADS'™" 


— 2 [IH 7 ' ' 

* -0 £ 6 S 


- 1 fi'id""'- 5 r - 7 - 

.u&t« 


I^IsSEt 

-r^- 52 1 

32§jl 

«;sa 


- 1.408 


:m 

l-o W# 


kR W 


417.0 + a; 73.2 


uaa^jj «,6 

56.2” n 3U.5 

ioe.o: { ; 33.4 

43.2^1 62-6 

3,4 tjj;* Sa.l 

64-S 

44.4732 444 

55-3 

UUr^H 72.3 

162.011 1 63.1 

240.0 ijij 44-7 

9.111; 4iO 

» w ®-a 1 37-6 

i-ai -oiila 1D0 * 

230.ai|;| 7JM 

24-6~l * 40.3 
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Table 8: 8 AT GRB T 0D and T& durations in the 140-220 keV band at the GKB rest frame. 


GRB 

‘T'arc 

J 90 

(s) 

(b) 

Note 

050126 

050223 

8.73 

4.80 

a) 

050315 

13.99 

6.93 


050318 

5.68 

3,02 


050319 

33.29 

28,15 


050401 

8.37 

6.53 


Q50416A 


— 

(i) 

050505 

11.37 

4.55 


050509B 

— 


a) 

0505 25 A 

4.24 

2.89 


050603 

2,53 

0.57 


050724 


— 

(o 

050T30 

28.67 

13,00 


050801 

UO 

0.79 


050802 

4,72 

2,29 


050814 

2481 

7,91 


05Q820A 


— 

(2) 

050904 

26.48 

12.50 


G50908 

1.11 

0,50 


Q50922C 

U6 

0.63 


O51016B 

— 

— 

(1) 

05 1109 A 

11.78 

8,36 


051111 

18.82 

6.27 


051221 A 

0.17 

0.08 


060115 

28.80 

19,86 


060124 

3,94 

2.73 


060206 

1.10 

0,43 


060210 

35.74 

6,24 


060218 

— 


(2) 

060223A 

1.93 

0.70 


060418 

19.28 

6.43 


060502A 

6.69 

2.95 


060505 

— 


(1) 

060510B 

44.87 

19.78 



l batt blocks failed [«cau®Q of tlie wm k aignat in the light curve. 

2 TI c event data of '.he part of the burst emission are not aviulabte- 
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Table 9: Rcdshifts of Swift GRBa 


GEB 

Redshift 

Ftxjference 

050126 

1.290 

(2) 

050223 

0.534 

(3) 

050315 

1.950 

(4) 

0503 IS 

L444 

(4) 

050319 

3,2425 

(1) 

050401 

2.8983 

(1) 

05041GA 

0.6528 

(5) 

050505 

4.275 

(6) 

0505096 

0.226 

(7) 

050525A 

0,606 

(8) 

050603 

2,821 

(9) 

1)50724 

0.258 

(10) 

050730 

3.9693 

(10) 

050801 

1.38 

(1) 

050802 

1.7102 

(1) 

050814 

5.3 

(11) 

050820A 

2.6147 

(0 

050824 

0.8278 

(1) 

050826 

0,296 

(12) 

050904 

6.295 

(13) 

050908 

3.3467 

(1) 

050922C 

2,1995 

(1) 


"fvtibu at ai. ApJS, l»5. 526 (2008) 

2 Ekrger E. et al ApJ, 629, 328 (2006) 
^PeUhxa. LX cl a], AicA, 458, L5 (2UG6) 
4 Bwger F E. «t iii. ApJ, 634, 501 [2005) 
5 Soderben P A,M. ct al. ApJ, m t 982 (2007) 
“Bar*** E. et al. ApJ, 642, 978 (2006) 
T Gchrela, N* et bJ, Nature, 437. SSI (2005) 
s DuUa Valle, M et al. ApJ, 642, L103 (2006) 
9 Berger, B et al. OCN Clrc, 3520 
lw Bdrgej. E. et al. Nature, 438,088 (2005) 
u Jfk nbsson, P. et aJ. Ait A, 447, 897 (2006) 
^MirabaJ. R et al. ApJ, 661 T L127 (2007) 

N. et al. Nature, 440, 184 (2006) 
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Table 10: Statistics of the BAT2 GRB catalog 


Class 

Number of GRBs 

Fraction 

Classification 

L-GRB 

424 

89% 

T& > 2 s 

S-GRB 

38 

n% 

Ttpy < 2 9 

S GRB w/E.E. 

10 

2% 

Norris el ah (2010) 

Unknown 

4 

i% 

Incomplete /lost data 


Table 11. Spectra] parameters of the initial short spikes of the short GRBs with EE. 


GRB start stop a PL Kj(a) x 2 

(8) W 


050724 

-0.024 

051227 

-0.848 

061006 

-23.24 

061210 

-0.004 

07071 4B 

-1 

071227 

-0.144 

080503 

-0.048 

090531 B 

0252 

09071 5 A 

-0.12 

090916 

0.0 


0.416 


0.828 

-o.«±Sg 

-22.20 

-0.86^;8J 

6.080 

-O.09JJ;}? 

-2 

h ag+0.00 

-u.»o_ Qi0 j 

1.872 

-090^“ 

0.436 

-UBtSS 

1.300 

-0.99^iS 

0.84 

o.osifS 

0.35 

- 1 ^3-0.30 


515.2^1 

,50.9 

Gl.Oi^ 

65.6 

■wf.all” 

50.8 

2755. 

58.2 

158.2t7j 

43.0 

98.81111 

51,0 

t30.6tlH 

66.0 

148.4tH° 

63.3 

m9t“J 

55.0 

236.5l£j 

72.6 


“In units of 10 ^ ph cm 2 s 1 keV l . 
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Table 12, BAT CRB energy fJuenoe of the initial short spkes of the short GBR with E,E, 


GRB 

Name 

Spectral 

Model 

3(15-25) 

S(25-50) 

S (5th 100) 
(10 — ^ ergs cm 

S( 100. ISO) 
- 2 ) 

3(15450} 

050724 

PL 

2,9 ± 0.4 

5.3 ± 0.4 

7.5 ± 0.8 

5.7 ± 0.9 

21.5 ± 1.9 

051227 

PL 

0.8 ± 0.2 

2,0 ± 0.3 

4.2 d= 0.6 

4.3 ± 1.0 

11.3 ± 1.6 

061006 

PL 

3.3 ± 0,3 

8.9 ± 0.4 

10.6 ± 0.8 

21.0 ± 1.4 

52.7 ± 2.3 

061210 

PL 

14 ± 0 2 

4,2 ± 0,4 

10.5 ± 0,8 

12.4 ± 1.5 

2S.4 ± 2.4 

0707 14 B 

PL 

3.7 ± 0.4 

9.4 ± 0.5 

19.2 ± 1.0 

19.5 ±: 1.6 

51.8 ± 2,6 

071227 

PL 

1.4 ± 0.4 

3.9 ± 0.6 

6.3 ± LI 

8.8 ± 1.8 

22.4 ± 2.9 

080503 

PL 

0.9 ± 0.2 

1.5 ±0.2 

2.0 ± 0.4 

1.5 ± 0.4 

5,9 ± 0,9 

090531 B 

PL 

1.2 t 0,2 

3.1 ± 0.3 

6.3 ± 0.6 

6,3 ± 1.0 

16.8 ± 1,6 

09071 5 A 

PL 

2,7 ± 0.6 

6,7 ± 0.9 

13.4 ± 1.5 

13,5 ±2.4 

36.3 ±4.0 

090916 

PL 

0.9 ± 0.3 

1,9 ± 0.4 

2.9 ± 0.6 

2.3 ± o.a 

8.0 ± 1.6 
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Table 13, sac E- im values for Swift GRBs 


GRB 

z 

TT’ST'v 

^peafc 




(keV) 

(10 55 erg) 

05041 6 A 

0.6528 

22+1 

o.x2±3‘35 

050525A 

0.600 

129 i * ‘ 

2-el3;| 

060115 

3.5323 

297^! 

e-s±K 

060206 

4.0559 

4iU - ITS 

4-sl?:3 

06070? 

3.4240 

2741?? 

4-^li e s - 

06090S 

1.8836 

414+39$ 

s- mi 

060927 

5.4636 

2761^ 

13l| 

0710 10B 

0.947 

861*1 

Mis-; 

071117 

1.3308 

1121U 5 

6-5113 

080413B 

1.1014 

163±48 

1 7+2-2 
lf -0 3 

080603B 

2.6892 

2771m 

6,6±?| 

080605 

1.6403 

766t^° 

311=3 

080916A 

0.6887 

soollf 

i-8i;3 

000205 

4.6497 

214^? 

0.91K 

090423 

8.26 

410i‘j 5 

9.51=3 

090424 

0.544 

2361 If 

4.3^1 

0909260 

1.24 

UStn 

5.4lS:3 

093018 

0.971 

55l?l 

0.7±!;! 

091029 

2.752 

2291“ 

8.5l3| 





stcnnntic Error [*E] 
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Theta id eg] 

Fig. 2, — Power-law photon index (top) and the flux m the 15-150 keV band as a function 
of the incident angle of the Crab observed in different time periods. The horizontal dashed 
lines are the Crab canonical values of —2.15 for the photon index and 2.11 x ]0~- ergs cm - 3 
s -] lor the flux. The dashed dotted lines are ±5% of the photon index and ±10% of the flux 
canonical values. 
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Fig. 3. — The BAT mask- weighted light curves m the 15-150 keV band in a coarse bin- 
ning (left) and a fine binning (right) for short GRBs with extended emission. The vertical 
dash-dotted lines in the coarse binning light curves show the emission end time found by 
battblocks, 


Gm 0507 24 




jVifHi SRB 051227 i 

^ -- I : L| ± -4. 


GRS OtilOQt 



Tirr-.e [a] 











37 


50 



Fig, 5-— Sky distribution of the 476 BAT bursts in Galactic coordinates with long GRBs 
in black, short GRBh in rad and short GRBs with emended emissions in green. 
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Fig. 6. T^(top) and T M (bottom) distributions from the BAT mask- weighted light carves 
in the 15-350 keV band. 
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Fig. 7. — From top to bottom, T Wi distribution of BAT from the mask- weighted light Curves 
in the 15-35C keV band, BATSE from the light curves in the 50-350 keV band, HeppoSAX 
from the light, curves of the GRBM instrument in the 40-700 keV band, and HETE-2 from 
the light cun“es of the FREGATE instrument in the 6-80 keV hand. 
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0.01 0.1 1 10 100 1000 


T 5Q M 

Fig, 8,— The finance ratio between the 50-100 keV and the 25-50 keV bands- plotted with 
respect to 7^q(top) and J'miboHom). Short GRBs with an E. E fire shown in red. The dashed 
dotted vertical line shows T#o — 2 s. 
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Fig. 9, — The flucnce ratio between the 50-100 keV and the 25-50 keV bands versus T« for 
BAT (dark gray), BATSE (red), HETE-2 blue) and BeppoSAX (ftreen) GRBs, 
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Fi5 1Q p — Distributions of 1 s peak photon liux (top) and 20 ms peak photon flu* (bottom) 
ii trie 15-150 keV band plotted versus energy fiuencc in the IS 150 krV band 
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Fig, 11. — Top: Distribution of the energy fluence in the; 50-150 keV band vs< that in the 
15=50 keV band for the BAT GRBs, L*GRBs are in black, S-GRBs are in blue, S GRBs with 
E.E. are in red, and the initial short spite of S-GRBs with E.E. are in green. The dashed- 
dotted line is the distribution expected for the case of the Band function with a = — 1, 
0 = -2.5, and = 100 keV. The dashed line is for the case of the Band function with 
a =* — 1, 0 « -2.5, and Ejjj), = 30 keV, Bottom: Distribution in the same plane as top 
among different missions. The BAT sample is in black, the BATSE sample is in red, and the 
HETE-2 sample is in blue The definitions of the dashed -dot ted and dashed lines are same 
as in the top panel. 
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Energy [keV] 

Fig. 12. Comparison of the effective area (on-axis) of BATSE/LAD (from the BATSE 
energy response file of trigger #1123 at the CGRO/BATSE Gamma- Ray Burst Cata- 
log; http; / / heas&ragsfc . nasa, gov/ W3Browse/cgro/ bataegrb .html ) , Swift / BAT and H ETE- 2 
(WXM; Shirasaki et al. (2003) and FREGATE; At tela et a] (2003)). 
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PL Photon Index 

Fig. 13. — From top to bottom; Histograms of the BAT time-averaged photon index for a 
PL fit for the L-GRBSj the S-GRBs, the S-GRBs with E.E., and the initial short spikes of 
the S-GRBs with E,E. 
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Fig. 14 “ Distribution of Lhe BAT PL photon index vs. the energy fiuence in the 15-150 
keV band for the L-GR£fc (light gray), the S-GRBs (red), the S-GRRs with E.E. (blue) and 
the initial short spikes of the S-GRRs with E.E. (green), 
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Tig. 15. — Distributions of the photon index a and E vc . Hk in a CPL fit for the BAT (blark), 
the BAT8E (red) and the HETE 2 (blue) GRBs. 
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Fig. 16. — Histograms of Ej^ in a CPL fit for the BAT (top), the B, 
the HETE-2 (bottom) GRBs. 
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Fig, 17 , Histograms of the BAT photon index in a PL fit. for the time-resolved (solid) and 

ti:e time-averaged (dash) spectra. The histograms arc normalized hy the totaJ number of 
spectra in each sample. 
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Fir. IS. — Histogram* of the BAT i ^ ■ i C 

l he time- averaged (dii*ht'd] spectra.. Tht: histograi 
spectra. 
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Fig. 19. — HiatogrtLnui of the BAT photon index in a PL fit for initial spectra of long GRUs 
(top) and for short GRBs (bottom). 






Fig- 21. — Distribution of the BAT photon index a versus Ar ^ v in a CPL fit. The red dashed 
lines show the photon index region from - 3/2 to -2/3. The total number of time-resolved 
spectra in. this plot is 234. 
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Fig. 22. — The BAT light curves with the intervals far which the spectra exceed the limits 
of the SSM eus shaded, The red shading indicates intervals exceeding the limit by > 3.2 a 
The yellow' si ading indicates intervals exceeding l he limit by > i .6 a 
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Fig. 23. — Continue 
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normalized cou-nts/sec/keV 
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channel energy (keV) 


F:-i "J. r j A smmJatod I3AT spectrum with a Band :'u ict-ion p] is an ndddlOEKi] power law 
component (see text). The solid line shows a fit to a PL model. 
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Reduced chi-squared 


Fig. 2fr~ Histogram of reduced x 3 in a PL Et of 10,000 BAT simulated spectra of the Flermt 
GRB 09O9G2B interval b spectral parameters as the input spectrum 
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Fig, 27. — Histogram of reduced jf 2 in the best fit model (either a PL or a CPL model) foi 
the real time-averaged spectra (top) and the tone-resolved spectra (bottom). The Gaussian 
fits to these histograms shows* respectively, peaks of 0 95 with a & of 0.19 and 0.96 with a 
<r of 0.18. 
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Redshift 

Fig. 28.- Distribution of the BAT observed vs redshift. For three known redshift 
GRBs, GRB 050525 A (a=0,606) T GRB 001126 (*=1.1588) and GRB GG1222B (z -3.355), we 
calculated the trajectories of estimated observed Tao as a hi net ion of redshift assuming that 
the duration changes only by the time-dilation effect. 
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Redsh'ft 


Fig. 29 Distribution of the BAT observed PL photon index vs. redshift The overlaid 
curves are the estimates of the BAT observed PL photon index as a function of redsldft 
assuming the intrinsic spectrum is the redshifted spectrum of the topical Band function 
shape (a = —0.87 ±0.33(lff) and /? = —2.36 ± 0.31(lm); aec Sakamoto at a|. (2009)) with 
the rest- frame Ep^ of 300 keV (red), 1 00 keV (green) and 30 keV (blue). 
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Pig. 31 . — I Jbtributiori of (.tie BAT observed energy fluent*; in the iJvlSiJ keV ' vs* 
redshifr. 
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Fig, 32,— Distribwiotit; of (top) and T^o (bottom) in the 140-220 kcV band at the GRB 
frame m roddiift. 
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E iso [10 H erg] 


Fig, 33. The correlation between and E^ for the Smft GRBh (red) and other GRB 
missions (black). The dashed line is the best fir correlation between and E iV? reported 
by Am&ti (2006); = 95 x (E^/ 10“)** 


